Duck viral enteritis (DVE) is an acute hemorrhagic disease caused by duck enteritis virus (DEV)
. DEV has been classified as an alphaherpesvirus on the basis of its biological and pathological properties. To our knowledge the molecular structure of the genome has not yet been elucidated, and restriction enzyme maps of DEV DNA have not been published.
Natural infection with DEV is limited to members of the family Anatidae (ducks, geese, and swans) of the order Anseriformes. Outbreaks of DVE have been reported in the United States in commercial duck flocks, feral ducks, and migratory waterfowl (14) . Outbreaks of DVE on commercial duck farms can cause high levels of mortality in Muscovy and White Pekin ducks, as well as in other breeds. The first outbreak of DVE in the concentrated duck industry on Long Island (NY) (11) caused economic losses in excess of $1 million due to mortality, condemnation, and decreased egg production (14) . Major epornitics have occurred in wild migratory waterfowl in the United States. The first was reported in the Lake Andes National Wildlife Refuge (SD) in 1973, when more than 40,000 of 100,000 wintering mallards died (7). Recently, a major outbreak occurred in the Finger Lakes region of New York State, killing 1150 mallards, Black ducks, and Canada geese and threatening more than 50,000 waterfowl (6). Due to its wide geographic distribution, DVE is now considered enzootic in the United States.
The natural reservoir for DEV has not yet been identified despite extensive attempts at virus isolation from several species of migratory waterfowl. DEV was reisolated from a few birds associated with the sites of DVE mortality, but not from ducks trapped within a radius of 5-32 miles from the outbreaks (1,2). Like other herpesviruses, DEV can establish latent infections, especially in species that are susceptible to infection but resistant to disease. Differences in susceptibility among members of the Anatidae family have been reported. Pintails (Anas acuta) (8, 15) and European teal (Nettion crecca) (8) can be infected with DEV but are relatively resistant to the disease. Mallards (Anas platyrinchos) can become infected, but the incidence of disease depends on the pathogenicity of the virus strain and the age at exposure (15) .
There is a paucity of information on latent or persistent infections in survivors of natural outbreaks. Burgess et al. (4) examined virus shedding using cloacal swabs obtained from several species of ducks that survived natural outbreaks. Virus could be reisolated over a 4-year period, but it is not clear whether these ducks were persistently shedding virus or latent infections were frequently reactivated. The sites Virus isolation assays using tracheal or cloacal swabs are currently used to determine if DEV is present in carrier birds; this precludes the detection of truly latent virus. The purpose of this study was to clone and sequence fragments of DEV DNA, and to develop a polymerase chain reaction (PCR) assay for the rapid diagnosis of DEV infection during outbreaks of DVE.
MATERIALS AND METHODS
Virus strain and propagation. The Lake Andes (LA) strain (7) was propagated in chicken embryo fibroblasts (CEF). The virus was used at passage level 6 to 8 for DNA extraction.
Virus purification. Supernatant fluids and infected cells were harvested separately when >90% of the cells showed cytopathic effects. Supernatant fluids were clarified by centrifugation at 225 X g for 10 min. Infected cells were harvested with a rubber policeman and resuspended in SPA (218 mM sucrose, 3.8 mM monopotassium phosphate, 7.2 mM dipotassium phosphate, and 1% bovine serum albumin) (5) or phosphate-buffered saline (pH 7.2). Cell pellets were disrupted by two 15-sec ultrasonic treatments or by three freeze/thaw cycles and centrifuged at 225 X g for 10 min. All supernatant fluids were pooled and centrifuged at 65,000 X g for 90 min. Pellets were resuspended in 0.01 M Tris (pH 7.5), layered on 30% sucrose, and centrifuged at 100,000 x g for 60 min. The pelleted virus was resuspended in digestion buffer (100 mM NaCl, 10 Pelleted virus was incubated in 500 [.l digestion buffer at 4 C for 3-4 hr. After addition of RNAse (25 ,ug/ml) and incubation at 38 C with gentle mixing for 1 hr, proteinase K (100 ,Lg/ml) was added, and the mixture was incubated overnight at 37 C with gentle mixing. Viral DNA was purified by standard phenol-chloroform-isoamyl alcohol extractions and ethanol precipitation. The DNA pellets were resuspended in 100 ,ul glass-distilled water and quantitated by spectrophotometry.
Spleen, livers, and muscovy duck embryo tissues were minced with a scalpel blade and suspended in 1-3 ml digestion buffer. After incubation for 1 hr at 38 C with gentle mixing, proteinase K (100 pLg/ml) was added, and the mixture was incubated overnight at 38 C with gentle mixing. Viral DNA was purified as described above and resuspended in 100-500 p.l glass-distilled water.
Chicken DNA and Marek's disease virus (MDV) DNA were obtained from chicken embryos and chick kidney cells infected with the RB-1B strain of MDV as described for the duck tissues. Chicken infectious anemia virus DNA was purified from infected chicken blood using the QIAamp Blood Kit (Qiagen, Santa Clarita, CA).
Cloning 
RESULTS

DEV clones and sequence.
Seven white pBS clones were selected for analysis, and two colonies of each clone were screened for DEV DNA inserts. Three clones containing inserts of approximately 4 (Fig. la, lanes 4 and 5), 2 (Fig.  la, lanes 12 and 13), and 7 kb (Fig. la, lanes  14 and 15) , respectively, hybridized to a DEV probe prepared from full-length DEV DNA (Fig. 1) . This probe did not hybridize to HindIII-digested chicken DNA (Fig. lb, lane  1) , but did hybridize to Hindill-digested DEV DNA (Fig. lb, lanes 2 and 3) . The other four clones (Fig. Ib, lanes 6-11, 16 , and 17) did not hybridize with the probe and were discarded. The 2-kb fragment (Fig. Ib, lane 12) (Fig. 2) to confirm the sequence for specific regions. The complete sequence (Fig. 2) was compiled using the Seqman function of DNAStar and has been submitted to GenBank (http://www.ncbi.nlm.nih.gov) (accession no. AF043730).
Sequence analysis. The 1954 bases were analyzed for potential open reading frames (ORFs). Two overlapping large ORFs in the same direction were found. A putative incomplete ORF coding for 428 amino acids (aa) and a stop codon was found between nucleotides 1 and 1212 (Fig. 2) . A gapped BLASTP search of the Genbank database for proteins showed homology of this ORF to the UL6 protein of herpes simplex virus 1 (HSV-1) and varicellizoster virus (VZV), with 50% and 54% identity based on the examination of 298 and 300 aa, respectively. There was also considerable similarity to the UL6 homologues in bovine herpesvirus 1 (BHV-1) (49% identity based on 368 aa), suid herpesvirus 1 (SHV-1) (56% identity based on 298 aa), and equine herpesvirus 1 (EHV-1) (46% identity based on 409 aa). In contrast, there was less homology with U1104 of human cytomegalovirus (HCMV), which is a betaherpesvirus, and BBRF1 of Epstein-Barr virus (EBV), with 23% and 22% identity based on 274 and 286 aa, respectively.
A clustal alignment using weight matrix PAM250 of five alphaherpesviruses (HSV-1, VZV, BHV-1, EHV-1, and SHV-1) with the translated proximal DEV ORF showed a significant homology between the UL6 peptides of these viruses and DEV. Two regions with strong homology were found (Fig. 3) . The first region was approximately 130 aa in length, starting at nucleotide (nt) 5 (Fig. 2) , and coded for a potential leucine zipper motif. A second region of 130 aa was found downstream from this motif, starting at nt 542 (Fig. 2) . The primers for the PCR assay were selected to amplify the former region of the proposed UL6 of DEV.
The distal ORF has two potential start codons with Kozaks consensus sequences at nt 1026 and nt 1047. ORFs originating from these start codons are in frame with each other. a. (Fig. 4) .
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One of the DEV DNA preparations was used to determine the minimal amount of virus that could be detected in the PCR assay. DEV DNA concentrations from 10 ng to 0.08 pg were amplified and examined by hybridization to the 32P-labeled 1.96-kb HindIll fragment. A 32-pg concentration of viral DNA was detected in this assay by hybridization (Fig. 5) . This amount of DNA represents approximately 100-200 mean tissue culture infective doses (TCID50) based on the titer of the virus preparation used for the extraction of DNA.
PCR assay for detection of DEV in field samples.
DNA samples (100 ng in 10 ,ul) obtained from different sources (Table 1) Table 1 Table 1 Virus isolation assays followed by virus neutralization are used to confirm the presence of DEV in suspected outbreaks (14) . Muscovy duck embryo fibroblasts are the preferred cells for the isolation of DEV (9). However, some less virulent strains only cause plaques in these cells when the cultures are incubated at 40.5-41.5 C (3). Three samples (G, H, and K) were obtained after two passages in Muscovy duck embryos incubated at 37 C. These isolates caused late occasional mortality in inoculated embryos, with inconsistent lesions, but all three samples were positive in the PCR assay, thus demonstrating the potential usefulness of this assay for diagnostic purposes.
Discrepancies were noted between the two PCR assays using blinded samples. Samples A and F were positive in the first assay and negative in the second assay. The most likely explanation for this change is that the DNA was not fully purified and degraded during storage. Unfortunately, these samples were not longer available for DNA extraction. Primers to amplify chicken actin DNA did not amplify duck DNA (Schat and O'Connell, unpubl. data), making it impossible to determine whether degradation had occurred. Sample E was still available, and positive results were obtained from the second preparation.
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